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Outline 12C+12C Direct Fusion Cross Section Measurements Results and Outlook

Advanced Burning in Massive Stars: Carbon Burning
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12C+12C →24Mg∗ →24Mg + γ

→23Mg + n

→23Na+ p

→20Ne+ α
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▶ comprehensive direct data

▶ gamma: Aguilera et al.,
Spillane et al.

▶ particle: Becker et al.

▶ thin and thick target

from: O. Straniero et al., JPC Ser. 665 (2016), 012008
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S-factors at Low Relative Energy in Comparison to Extrapolations and Calculations

▶ oscillating excitation function

▶ region systematically below CF88

▶ vanishing cross sections (≤ nbarn)

▶ direct & indirect measurements

N.T. Zhang et al. PLB 801, 135170 (2020)

▶ extrapolations, calculations with
huge scatter towards low energy

K. Godbey et al. PRC 100, 024619 (2020)

Y. Tanigushi & M. Kimura PLB 823, 136790 (2021)
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The STELlar LAboratory Setup

▶ alpha-conjugate system: resonances (THM, el. α scattering @ iThemba)

▶ low density of states in 24Mg: hindrance (below averaging CF88)

▶ 12C are stiff nuclei:

generally low cross sections

broad hindrance maximum

▶ stellar site: deep sub Coulomb barrier: exponential drop of cross sections

proj

det

tar

1. beam intensities of a few pµA

2. data taking for weeks

3. γ-particle coincidences

4. low counting statistics analysis

▶ data/results from 12C+12C measurements @ Andromède, IJCLab Orsay
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The STELlar LAboratory Setup

12C+12C →23Na+ p+ γ

→20Ne+ α+ γ
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Outline 12C+12C Direct Fusion Cross Section Measurements Results and Outlook

Analysis Technique

▶ synchronization of 1 GHz gamma DAQ and 125 MHz particle DAQ

▶ energy-deposition in silicon substrate: triggering on pulse shape
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▶ timing gates σ ∼15 ns

▶ proton-α separation
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Analysis Technique
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▶ drift of 1.47 MeV line: 1.5 keV

▶ since calibration: 30 keV
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Analysis Technique
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G. Fruet et al., PRL 124 (2020), 192701

▶ avoid negative physics counts:

M. Heine et al., EPJ Web Conf 260 (2022), 01004

n = 1 (observed), b = 1 (background), µ = n − b

∆µ

µ
=

√(
∆n

n

)2

+

(
∆b

b

)2

N.A.N.

n = 1, b = 1 → µ ∈ [0.00, 1.75]

n = 2, b = 2 → µ ∈ [0.00, 2.25]
G.F. Feldman & R.D. Cousins, PRD 57 (1998), 3873
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S-factors with Alpha- or Proton Emission

▶ lowest energies:
▶ weeks of data acquisition with pµA 12C beam
▶ measurement p1 and α1
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G. Fruet et al., PRL 124 (2020), 192701

1. moderate sub-barrier regime above Erel = 4.5 MeV

2. deep-sub-barrier regime from Erel = 2.5 MeV to 4 MeV
▶ observation of hindrance

3. 25 M⊙ Gamow window below Erel = 2.5 MeV
▶ change in the fusion mechanism
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STELLA at the Felsenkeller Shallow Underground Laboratory

▶ extend direct coincidence measurements

▶ increase overlap with indirect data
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▶ assessment of background sources

▶ muon characterisation at Felsenkeller

▶ muon veto during data acquisition

F. Ludwig et al., AP 112 (2019), 24–34
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STELLA at the Felsenkeller Shallow Underground Laboratory

+ E. Bella, A. Bonhomme, P. Cotte, G. Häffner, T. Dumont, L. Morrison, G. Vega, J. Vesić
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